Hypothermia causes a marked injury to rat proximal tubular cells that is aggravated by all currently used preservation solutions.
Cold preservation results in cell death via iron-dependent formation of reactive oxygen species, leading to apoptosis during rewarming. We aimed to study cold-induced damage (i.e., injury as a consequence of hypothermia itself and not cold ischemia) in proximal tubular cells (PTC) in various preservation solutions presently applied and to clarify the role of mitochondria in this injury. Primary cultures of rat PTC were incubated at 4 degrees C for 24 h in culture medium, UW, Euro-Collins or HTK solution with and without the iron chelator desferal and rewarmed at 37 degrees C in culture medium. Cell damage, morphology, and apoptosis were studied and mitochondrial membrane potential was assessed by fluorescence microscopy. Cold incubation of PTC in culture medium followed by rewarming caused marked cell damage compared to warm incubation alone (LDH release 39+/-10% vs. 1.6+/-0.3%). Cold-induced damage was aggravated in all preservation solutions (LDH release 85+/-2% for UW; similar in Euro-Collins and HTK). After rewarming, cells showed features suggestive for apoptosis. Desferal prevented cell injury in all solutions (e.g., 8+/-2% for UW). Mitochondrial membrane potential was lost during rewarming and this loss could also be inhibited by desferal. Trifluoperazine, which is known to inhibit mitochondrial permeability transition (MPT), was able to prevent cold-induced injury (LDH 85+/-5% vs. 12+/-2%). We conclude that cold-induced injury occurs in PTC and is aggravated by UW, Euro-Collins, and HTK solution. Iron-dependent MPT is suggested to play a role in this damage. Strategies to prevent cold-induced injury should aim at reducing the availability of "free" iron.